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The Baylis-Hillman reaction and its aza-version have made great progress since the original Baylis-Hillman reaction was first reported in 1972. 1 We and other research groups have used extensively the aza-Baylis-Hillman adducts and their rearranged derivatives for the synthesis of many heterocyclic compounds. [1] [2] [3] Usually the rearranged N-tosyl aza-BaylisHillman adduct 3a has been prepared from N-tosyl aza-BaylisHillman adduct 1a or Baylis-Hillman acetate 1b under the influence of K2CO3 in DMF as in Scheme 1.
2, 3 The reported stereochemistry of the product 3a is predominantly E. 2, 3 The synthesis of the corresponding rearranged N-tosyl azaBaylis-Hillman adduct having nitrile moiety has not been reported.
During our recent studies on the radical cyclization and Heck type cyclization with modified Baylis-Hillman adducts, 4, 5 the Z-form of rearranged N-tosyl aza-Baylis-Hillman adduct was required. However, there was no precedent method for the synthesis of Z-form of rearranged N-tosyl aza-BaylisHillman adducts in appreciable amounts. Thus we decided to examine the preparation of these compounds under acidic conditions.
Actually, the reaction of 1a and tosylamide (2a) under basic conditions (DMF, K2CO3) produced E-form (3a-E) selectively (73%) together with only 6% of Z-isomer as in Table 1 (entry 1), as mentioned above. 2, 3 The reaction of Baylis-Hillman acetate 1b and 2a gave also similar results (entry 2). The compound 3d-Z was contaminated with unreacted 1h.
2,3

Notes
Whereas, the reaction of Baylis-Hillman adduct 1c and 2a in the presence of montmorillonite K10 (entry 3) 6 produced appreciable amounts of desired 3a-Z (26%). Under such acidic conditions the reaction of ethyl ester 1d (entry 4) and the reaction between 1c and CH3SO2NH2 (2b) also showed similar results (entry 5).
Encouraged by the results we examined the possibility for the synthesis of Z-isomer in an increased yield under various acidic conditions with ethyl ester 1d as a model substrate, and the results are summarized in Table 2 . As shown, the use of montmorillonite K10 showed the formation of 3b-Z in appreciable amounts (19-26%, entries 1-3). When we stopped the reaction in short time (2 h), we obtained desired compound 3b-Z in 26% yield and aza-Baylis-Hillman adduct 1e was isolated in 21% (entry 1). The compound 1e was converted completely to 3b-E and 3b-Z for 24 h refluxing, however, the ratio of 3b-Z/3b-E was decreased slightly (entry 2). Increasing reaction time decreased the ratio of 3b-Z/3b-E (entries 2-3). 7 Methanesulfonic acid showed somewhat higher catalytic activity than the use of K10 (entries 4-7), however, the selectivity for 3b-Z was not improved. The use of sulfuric acid was not satisfactory (entry 8). From the results, the conditions of entry 2 turned out to be the best choice for the preparation of 3b-Z although the yield is still low (24%).
As a next trial, we examined the synthesis of rearranged N-tosyl aza-Baylis-Hillman adduct of nitrile derivative 3d (Table 3) . We obtained the product 3d in only 40% yield as an inseparable E/Z mixture from the reaction of 1f under basic conditions (entry 1). The separation of E and Z isomers was impossible and we confirmed the ratio by 1 H NMR as E:Z = 2:3. A bis-adduct 4 was also obtained in 10% yield. 8 The synthesis of 3d from the reaction of Baylis-Hillman acetate 1g and tosylamide was not successful due to the formation of 4 as the major product even in the presence of excess amounts (5.0 equiv) of tosylamide in order to reduce the formation of 4.
However, to our delight, we obtained 3d-Z in 69% isolated yield when we carried out the reaction under acidic conditions with Baylis-Hillman adduct 1h under the influence of MeSO3H (entry 3). It is interesting to note that the corresponding E-isomer was not formed even in trace amounts. In the reaction mixture we observed the formation of bis-adduct 4 (7%) and the stereochemistry of this compound was also found to be as Z/Z. Similarly, 3e-Z was synthesized in good yield (71%) under same acidic conditions from 1h and CH3SO2NH2 (entry 4). The use of K10 in this case was found to be less effective than the use of K10 (entry 5).
In summary, we examined the synthesis of N-tosyl azaBaylis-Hillman adducts from the reaction of various BaylisHillman adducts and tosylamide. We obtained Z-isomers up to 26% for the Baylis-Hillman adducts having ester moiety and 71% for the Baylis-Hillman adducts having nitrile moiety.
Experimental Section
Typical procedure for the synthesis of 3a. A solution of 1c (192 mg, 1 mmol), TsNH2 (257 mg, 1.5 mmol), and montmorillonite K10 (Aldrich, 550 mg) in 1,2-dichloroethane (5 mL) was heated to reflux for 24 h. After filtration of the reaction mixture, removal of solvent, and column chromatographic purification process (hexanes/EtOAc/CH 2 Cl 2 , 6:1:3) we obtained 3a-E (214 mg, 62%) and 3a-Z (90 mg, 26%). The other compounds were synthesized analogously and the spectroscopic data of 3a-E, 3g 3a-Z, 3b-E, 2a,2c 3b-Z, 3c-E, and 3c-Z are as follows.
Compound 3a-E: 3g 62%; white solid, mp 109-111 o C; IR (film) 3263, 1705, 1326, 1161 cm Typical procedure for the synthesis of 3d. A solution of 1h (159 mg, 1 mmol), TsNH2 (257 mg, 1.5 mmol), and CH3SO3H (1.2 mL) in 1,2-dichloroethane (5 mL) was heated to reflux for 2 h. After usual aqueous workup and column chromatographic purification process (hexanes/EtOAc/CH2Cl2, 3:1:3) we obtained 3d-Z (216 mg, 69%) as a white solid. The other compounds were synthesized analogously and the spectroscopic data of 3d-Z, 3e-Z, and 4 (Z/Z) are as follows.
Compound 
